The impact of the El Niño-Southern Oscillation (ENSO) phenomenon within the Huangfuchuan watershed, one of the major first-order sub-basins in the middle region of the Yellow River, has not clearly been established. Consequently, the co-varying relationships between rainfall and El Niño/La Niña spanning the period 1954 to 2010 are investigated. Trends and step changes in annual rainfall are investigated with the Mann-Kendall and the distribution free cumulative sum (CUSUM) tests. Wavelet transforms are employed to perform spectral analysis of temporal variations in rainfall rates within the watershed. Cross wavelet and wavelet coherence transforms are used to study localized co-varying relationships between rainfall and ENSO index. Results from statistical tests indicate that rainfall in the Huangfuchuan watershed is declining, although not significantly. In addition, wavelet coherency and cross wavelet analysis, and comparison of the extracted dominant annual rainfall and 2-7 year ENSO signals demonstrate that ENSO events impact Huangfuchuan rainfall with El Niño corresponding to rainfall decline and La Niña to rainfall increment with a semiannual to annual lag.
Introduction
The Yellow River, the second largest river in China and the sixth longest in the world is the most important freshwater resource for northern and north-western China, supporting about 107 million people [1] [2] [3] . The Yellow River has long been regarded as the "Mother River of China" because human inhabitants have existed in this region since prehistoric times, and, therefore, water shortage issues have experienced particular attention throughout the world [4, 5] . Many studies have indicated that the Yellow River basin is dominated by decreasing precipitation, which may further deteriorate the stress conditions on water resources [2, 6, 7] . The source areas/regions of a river form its major tributaries, contributing to its flow. The Yellow River is divided into three major reaches; the upper, middle and lower reaches [8] . The middle reaches of the Yellow River basin contribute significantly to the total streamflow and sediment discharge of the Yellow River [9] . Zhang et al. [6] indicated that there is evidence of precipitation decline in the middle portion of the Yellow River basin, particularly in the Loess Plateau. The Huangfuchuan watershed is one of the most important source areas in the middle reach of the Yellow River [8, 10] . Studies by Sui et al. [11] observed that long-term precipitation depth in the Huangfuchuan watershed had a decreasing trend. Additionally, Zhou et al. [12] demonstrated that the climate aridity in the Huangfuchuan watershed has increased in the recent three decades.
Precipitation is considered as the primary source of water in China and, therefore, most water resource projects are designed and implemented based on the historical pattern of water availability, quality, and demand, assuming a constant climate [7, [13] [14] [15] . In addition, precipitation is the exclusive source of the Yellow River as the river flows through arid, semi-arid and semi-humid regions; its distribution and trend affect the water resources in this basin to a large extent [7] . Similarly, precipitation is a direct natural factor influencing runoff in the Huangfuchuan watershed due to its semi-arid climatic conditions. However, the distribution of precipitation is uneven, and, therefore, a better understanding of precipitation variability on basin and regional scales is of great significance to management of water resources by assisting in the implementation of proper water management policies for sustainable ecological conservation and environmental protection [14, 16] .
The El Niño-Southern Oscillation (ENSO) is in recent times recognized as the most prominent mode of climate variability that operates on seasonal-to-interannual time scales influencing hydrology in many parts of the world [17, 18] . Through its effect on the global atmospheric circulation, ENSO influences patterns of temperature and precipitation, including extreme events such as, drought, floods, and tropical cyclones, in many regions of the world [18] . ENSO accounts for the largest contribution to interannual climate variability globally with a 2-7 year period [19] [20] [21] [22] . The warm phase of ENSO, El Niño is associated with rising sea surface temperature (SST), while the atmospheric convection zones of the tropical Pacific expand and merge. On the other hand, La Niña, the cold phase of ENSO is associated with low SST near the equator, with atmospheric convection zones that are isolated from each other [23] . The influence of ENSO on rainfall variability in China has been the subject of many studies (e.g., [3, [24] [25] [26] ). Previous studies by Ropelewski and Halpert [27] showed that there is no steady relationship between El Niño and rainfall over China as a whole. Hui et al. [28] also pointed out that the connection between mean summer precipitation and the preceding winter SST anomalies (ENSO) in China have weakened since the 1980s, making regional prediction much more difficult. However, Lau and Weng [25] stated that during the summer of 1997, southern China faced severe flooding, while northern China experienced one of the driest seasons on record, which can be linked to the 1997/98 strong El Niño event. Furthermore, Tong et al. [29] showed that El Niño activity is closely related to flood episodes in the lower and middle Yangtze catchments, whereas dry spells are associated with it in the upper catchment of the river. Major hydrological events on the other hand, tend to exhibit a spurious relationship with La Niña in the basin [29] . In addition, Ronghui and Yifang [30] , Ding [31] , Zhang et al. [32] , in investigating the impacts of ENSO events on summer rainfall variability in northern China, reported a shortfall in summer rainfall during the El Niño development and maturity stages, whereas abundant rainfall was observed during the weakening phase of an El Niño event.
Rainfall deficits in the Yellow river have been linked to El Niño events [3, 33] . Fu et al. [4] reported that, the average annual precipitation in the Yellow River basin in an El Niño year is less than that in a La Niña year. Additionally, Wang and Li [26] found that, there is a significant correlation between monthly precipitation of semiarid northern China and ENSO in the frequency bands of 2-3 years; in that, during ENSO years, rainfall was mostly below normal with some occurrences of drought in this region. Furthermore, Wang et al. [34] confirmed that ENSO events often resulted in decreased precipitation in the source regions of the Yellow River.
To the best of our knowledge, studies on ENSO influences on northern China have usually focused on the Yellow River basin as a whole, and not much on the sub-basins which form its major tributaries. In this study, we investigate the relationship between rainfall and ENSO in the Huangfuchuan watershed, an important sub-catchment in the middle region of the Yellow River. The Yellow River also spans from a semi-humid zone into an arid zone and, though we know the impacts of ENSO on the basin as a whole, this study goes ahead to study the impacts of ENSO on a sub-basin in the semi-arid zone of the Yellow River basin to determine if there is any difference and at what timescale. The question here is what is the relationship between ENSO and rainfall variability in the middle source regions of the Yellow River basin, and to what extent is this relationship; in terms of different timescales? The main objectives of this study, therefore, are: (a) to correlate the findings of other studies to the declining rainfall trend; (b) to examine the relationship and impact of ENSO events on rainfall variability in terms of timescales, on the Huangfuchuan, which is one of the major middle source sub-basins of the Yellow River in northern China over the period 1954 to 2010. To this end, the current study adopts exploratory data analysis (EDA) and wavelet transforms to investigate trends and variability in rainfall patterns over the Huangfuchuan basin. Wavelet analysis has found many uses in hydrology, because it provides an effective approach for hydrologic time series analysis by revealing characteristics under multi-temporal scales. This means that wavelet analysis demonstrates the scale contents of a signal and its variability in time [35] [36] [37] [38] . Here, wavelet analysis was employed to investigate the variations in the dominant rainfall modes/signals with time in the Huangfuchuan watershed. Additionally, we study the co-varying relationships between rainfall over the basin and ENSO using cross wavelet and wavelet coherence analysis [39, 40] . Cross wavelet and wavelet coherence analysis have been used in many studies to identify covariance and coherency in geophysical time series (see, e.g., [7, 37, [41] [42] [43] ).
Following a brief introduction in Section 1, the arrangement of the rest of the paper is as follows. Section 2 gives an overview of the study area. Additionally, Section 3 describes the datasets and methodology used in the study and the results obtained are discussed in Section 4. Finally, the conclusions from the results are inferred in Section 5.
Study Area
The Huangfuchuan watershed is the drainage area covered by River Huangfu in the north of the Hekou-Longmen region located between longitudes 110°18′ E and 111°12′ E and latitudes 39°12′ N and 39°54′ N spanning a surface area of 3246 km 2 [16] . The river is 137 km long, a tributary and one of the most important source areas in the middle reach of the Yellow River originating from the transect of the Erdos Plateau and Loess Plateau in Northern China flowing from northwest to southeast into the Yellow River [8, 11, 44] . The watershed lies in the semi-arid climatic region in the northern Shaanxi province with the majority in the inner Mongolia region [11, 45] . With a typical monsoon climate, the watershed has an average annual precipitation of 350 mm to 450 mm with more than 80% coming from June to September and a mean annual air temperature ranging from 6.9 and 9.7 °C [16, 45, 46] . The Huangfu River is representative of the "hill-gully" landscape of the northern Loess Plateau [45] . The Loess Plateau has a greatly varied and rolling surface with a large topographic relief, a deep layer of loess, a loose layer of soil, and a fragmented landform and sparse vegetation [11] . Due to this feature of the Loess Plateau, the soils are greatly susceptible to water and wind erosion making the Huangfuchuan watershed one of the main sources of sediments into the Yellow River [8, 45] . The Huangfuchuan watershed is shown in Figure 1 . 
Materials and Methods

Materials
Rainfall data
Daily areal mean rainfall data from 1954 to 2010 was obtained from the "Experimental research on vegetation water source partitioning of riparian zone in arid and semi-arid areas based on multi-tracer technique and its uncertainty" (NSFC51209064) project taking place in the watershed. The daily rates were accumulated to monthly and annual rates for the purposes of this study.
Multivariate ENSO Index (MEI)
The Multivariate ENSO Index (MEI) time series was acquired from the Physical Sciences Division of the Earth System Research Laboratory of the National Oceanic and Atmospheric Administration (NOAA) at [48] . MEI is obtained as the first unrotated principal component (PC) of six variables over the tropical Pacific, which includes: sea-level pressure (P), zonal (U) and meridional (V) components of the surface wind, sea surface temperature (S), surface air temperature (A), and total cloudiness fraction of the sky (C). Given its multivariate nature, the index is claimed to provide a more vivid representation of characterizing the ENSO phenomenon relative to other indices, which only considers either the oceanic or atmospheric components [49] . It defines ENSO events as five consecutive overlapping three-month periods at or above the +0.5° anomaly for El Niño events and at or below the −0.5° anomaly for La Niña events. The strength of an event is further described as weak (with a 0.5 to 0.9 SST anomaly), moderate (1.0 to 1.4) and strong (≥1.5); an event is said to have occurred if the threshold is equaled or exceeded for at least three consecutive overlapping three-month periods. This study focuses only on strong and moderate El Niño/La Niña events. Figure 2 presents the MEI over the study period, showing the respective El Niño/La Niña events according to their strengths.
Methods
Annual precipitation values were calculated from the daily rainfall data of the Huangfuchuan watershed acquired. Exploratory data analysis was performed on the raw data to understand the data and have a summary of the visible patterns in rainfall in the watershed before applying statistical tests. Homogeneity tests were performed on the annual rainfall series to check the quality of the data. Four methods: standard normal homogeneity test (SNHT) [50] , Buishand range test [51] , Pettitt test [52] , and von Neumann ratio test [53] were chosen to detect the homogeneity of the collected Huangfuchuan rainfall data. The test results are classified as: Useful (the series that rejects one or none null hypothesis under the four tests at 5% significance level), Doubtful (the series that rejects two null hypotheses of the four tests at 5% significance level) and Suspect (when there are three or all tests reject the null hypothesis at 5% significance level) as in [54, 55] . The null hypothesis (H0) in these tests assume that the data is homogeneous as opposed to the alternative hypothesis, Ha, that the series consists of a break in the mean. Distribution-free CUSUM (cumulative sum) test was employed to determine abrupt changes in rainfall patterns from 1954 to 2010 in the Huangfuchuan watershed. Similarly, the trend in the time series was established using the Mann-Kendall test statistic. The statistic software utilized was TREND trend/change detection software, a product from the Cooperative Research Centre (CRC) for Catchment Hydrology's (CRCCH) Climate Variability Program [56] . Significance levels α = 0.01, 0.05 and 0.1 were used throughout.
Furthermore, wavelet power spectrum was employed to investigate the dominant cycles in rainfall pattern over the basin. Then, wavelet coherency (WTC) was used to identify where the two variables (rainfall and MEI) were correlated at a local scale. Furthermore, cross wavelet analysis (XWT) was adopted to investigate regions of high common power and further reveal information about the phase relationship of the two variables. The MatLab software package was used to perform all wavelet analysis. A MatLab software package for performing the XWT and WTC can be found at [57] . For more details on the wavelet analysis see [39] . 
Mann-Kendall Trend Analysis
This is a ranked nonparametric test developed by Mann [58] and Kendall [59] . The algorithm tests for monotonic trends and turning points in a series without a prior assumption of its distribution [60] . In this test, the null hypothesis H0, assumes that the data is independent and arbitrarily ordered (that is, there is no trend and the observations are randomly ordered) and this is tested against the alternative hypothesis HA, which assumes that there is a trend [61] . For details of the Mann-Kendall non-parametric test see [60] .
Distribution Free Cumulative Sum (CUSUM) Test
This is a distribution free non-parametric test which determines whether the means in two parts of a record are different (for an unknown time of change) [56] . This rank-based test compares successive observations with the median of the series [62] [63] [64] . The test statistic Vk of a time series data is the maximum cumulative sum (CUSUM) of the signs of the difference from the median (a series of −1 or +1) starting from the beginning of the series [63, 65] . More explanation on the distribution free CUSUM test can be found in [56] .
Wavelet Analysis
The wavelet transform decomposes a series into time-frequency space, enabling the identification of both the dominant modes of variability and how those modes vary with time [66] . The wavelet transform as given by Labat [67] is:
where ω is the scale factor (frequency); τ is time shift; t is time; x(t) is the time series; and Ψ * is the complex conjugate of Ψ, the wavelet function. The continuous wavelet transform is used in this study to compute the wavelet power spectrum. The Morlet wavelet function [68] given as
where Ψ(t) is the wavelet function; i is the imaginary symbol of complex number; ω is the non-dimensional frequency (ω = 6 to satisfy admissibility condition [69] ); and t is time, was chosen as the mother-wavelet in this study because it describes the shape of hydrological signals well, and provides a good balance between time and frequency localization [67, 70, 71] . The standardized anomaly R'ij, which removes seasonal fluctuations and short-term biases, was employed to standardize the rainfall data in the continuous wavelet transform and spectrum analysis according to
where R is the monthly averaged observed data in the year i and the month j, and R and σ represent the longterm mean and standard deviation of each successive month j, respectively [72] . For more details of wavelet transform analysis, see [67, 73] . Figure 4 shows the wavelet analysis of total monthly Huangfuchuan precipitation intensity.
Cross Wavelet Spectrum
Cross-wavelet power reveals areas with a high common power [74] . According to Torrence and Compo [73] , given two time series X and Y, with wavelet transforms ( ) and ( ), where is the time index and is the scale, one can define the cross-wavelet spectrum as:
where * ( ) is the complex conjugate of ( ). The cross-wavelet spectrum is complex, and hence one can define the cross-wavelet power as | ( )|. The phase angle of describes the phase relationship between X and Y in time-frequency space [39, 40, 75] .
Wavelet Coherence
Wavelet coherence discussed refers to the Fourier squared coherency used to identify frequency bands within which two time series are co-varying [76] . The wavelet coherence (wavelet squared coherency) given by Torrence and Webster [76] is defined as the absolute value squared of the smoothed cross-wavelet spectrum, normalized by the smoothed wavelet power spectra,
where is a smoothing operator. Grinsted et al. [39] gives the smoothing operator as
where denotes smoothing along the wavelet scale axis and smoothing in time. For the Morlet wavelet, a suitable smoothing operator is given by Torrence and Webster [77] as
where and are normalization constants and is the rectangle function. The factor of 0.6 is the empirically determined scale decorrelation length for the Morlet wavelet [73] . The statistical significance level of the wavelet coherence is estimated using Monte Carlo methods [39] . Here, the wavelet coherence is used to identify both frequency bands and time intervals within which rainfall in the study area and ENSO are covarying.
Results and Discussion
Exploratory Data Analysis (EDA)
A quick look at the annual precipitation data values of the Huangfuchuan watershed ( Figure 3 Homogeneity test results on the annual rainfall data are presented in Table 1 .
From Table 1 , it is evident that the collected rainfall data is homogeneous and useful, and can therefore be used for further analysis. 
Statistical Analysis
The results of the Mann-Kendall statistical test performed on the annual rainfall time series of the Huangfuchuan watershed showed no statistically significant trend at α = 0.01, 0.05 and 0.10. Although the trend is not significant, the negative value of the Z statistic shows a decreasing trend. This means that rainfall in the Huangfuchuan watershed is decreasing.
In addition, step change analysis from the distribution free CUSUM test on annual precipitation data showed no significant abrupt changes at significance levels of α = 0.01, 0.05 and 0.1. Nevertheless, the results revealed a change point (year) in 1979 with a test statistic, Vk, of 8. The mean, median annual rainfall before and after 1979 were 439.6, 428.1 and 393.8, 379.8 respectively. Tables 2 and 3 summarize the statistical test results performed on the annual precipitation data of the Huangfuchuan watershed. From the global wavelet spectrum (Figure 4c) , it is apparent that the dominant modes (highest intensity) of the precipitation signal is concentrated around the annual and semi-annual cycles, although the annual signal intensity is highest. The annual and semi-annual signals of 1959 have the highest power which corresponds to the high precipitation recorded in the region in that period. However, this above normal rainfall record corresponds to a four year lag after La Niña occurrence and a 17 month lag after an El Niño event in 1958, which suggests that the ENSO phenomenon may not have had a significant impact on rainfall during that period (see Figures 5a and 6) . The low precipitation in 1999 also shows relatively high signal intensity. This rainfall decline was preceded by the strong 1997/98 El Niño event and an intermediate La Niña event in 1998, also in Figure 6 . Annual signals for years 1960-1965, 1966-1971, 1974-1979, 1984-1985, 1988-1989, 1991-1996, 2001-2004, and 2006-2009 are analogous and relatively strong, whilst those between 1965-1966, 1971-1974, 1979-1984, 1985-1989, 1989-1991, 1996-2001 and 2005-2006 indicate lower amplitudes (see Figure 4) . The relatively strong similar signals correspond to rainfall increment in average annual rainfall variance in Figure 4d . The contrast is true for lower amplitude signals. The averaged-annual scale power (Figure 4d ) presents a persistent reduction in rainfall amplitudes between 1980 and 1994. There is a brief peak in 1996, after which the lowest amplitude is observed around 1997-1999. There seems to be a recovery in the amplitudes after this time, however, they are consistently below amplitudes observed before 1980. These results correspond to the following: between the periods of 1980 to 1999, there was a higher occurrence of El Niño events of higher intensities than the preceding years (see Figure 2) . The recovery in rainfall amplitudes after 1999 occurred due to a reduction in the El Niño strengths in that period. However, the rainfall amplitudes in the recovery years were consistently below amplitudes before 1980 because, albeit the decline in El Niño strengths, its occurrence was greater than before the 1980s. Results of the co-varying relationships between rainfall and the ENSO phenomenon over the Huangfuchuan basin, as depicted by the wavelet coherence and cross wavelet are presented in Figure 5 .
Wavelet Analysis
The wavelet coherence in Figure 5a shows significant covariance in the 0.5-1 year bands from 1954-1968. However; the significant sections within the semi-annual and annual (0.5-1 year) bands from 1954 to 1968 provide inadequate results concerning the phase difference of Huangfuchuan rainfall and MEI. Significant cross wavelet power of approximately 0.85 in the semi-annual (0.5) band from 1992 to 1994 shows an anti-phase difference of roughly 330° corresponding to rainfall deficit lagging an El Niño event. In addition, similar significant coherence in the same band from 1995 to 1997 corresponds to an approximate annual lag in rainfall with El Niño incidences inducing dry conditions. Additionally; a significant coherency of 0.8 in the annual band from 1988 to 1993 demonstrates an anti-phase difference of roughly 360°. This implies an annual lag of ENSO impacts on rainfall variability in the study watershed. (1988-1993) . Additionally, significant covariance in the three year band from 1980 to 1984 indicates a lag in rainfall deficit to El Niño events by approximately 240°. Moreover; similar coherency significance in the same band co-varies with about a 360° phase difference from 1996 to 2000 corresponding to an approximate annual lag in rainfall with El Niño occurrences inducing dry conditions. Likewise, the 0.75 significant covariance in the 2-4 year band from 2005 to 2008 correspond to an anti-phase difference of 11 to 12 months meaning rainfall lags ENSO events by that period. Finally, co-variance between Huangfuchuan rainfall and MEI within the ~14-16 year band from 1970 to 1980 shows anti-phase difference of 180° corresponding to a semi-annual lag in rainfall with ENSO events. This means that the seasonal impacts of ENSO on rainfall variability of the Huangfuchuan watershed occur on an annual scale, whereas, on a longer timescale; the impacts follow after six months and persist for a year or more. This result is representative of the fact that ENSO events usually occur in the boreal winter and the Huangfuchuan watershed experiences the majority of its rainfall in the summer (June; July and August) [16, 78] . The persistence of the covariance from six months to a year can be attributed to the fact that ENSO signals can persist from one year to the next [79] .
The cross-wavelet spectrum (XWT) of Huangfuchuan rainfall and MEI is shown in Figure 5b . It is noted that there is significant common power in the ~1-1.5 year band from 1955-1959, 1961-1970, 1974-1979, 1983-1986, 1988-1990, 1991-1994, 1995-2004 Figure 5b indicates that the two periods mainly have common power in the one-year band. The common power years in the one year band from 1955-1959 and 1974-1979 correspond to rainfall peaks in the study watershed. The rainfall peak from 1974-1979 correspond to strong La Niña events, whereas the ENSO-rainfall relationship from 1955-1959 are inconclusive. However, the common power years from 1961-1970, 1983-1986, 1988-1990, 1991-1994 and 1995-2004 Figure 6 , which demonstrates the correlation between the ENSO events and rainfall in the Huangfuchuan catchment by extracting the 2-7 year and annual averaged variance respectively from the dominant modes of their wavelet analysis: 2-7 years for ENSO and annual (1 year) for rainfall. Figure 6 illustrates the extracted dominant signals of rainfall in the Huangfuchuan watershed which is located at the annual scale and that of the Multivariate ENSO Index (MEI) which has been shown by [18] [19] [20] [21] to be in the 2-7 year bands. Figure 6 is presented to further establish the relationship between annual Huangfuchuan rainfall and ENSO, or the modulating effects ENSO has on annual rainfall in the study watershed. Figure 6 demonstrates that the warm tongue of the ENSO phenomenon (i.e., El Niño) corresponds to rainfall decline, whereas the cold (La Niña) enhances rainfall. For examples, the strong 72/73, 87/88 and 97/98 El Niño events coincided with decreased rainfall amounts in the succeeding years; the 1997/98 event causing the driest period in the watershed [25] . Furthermore, we performed correlation tests between rainfall and MEI, as well as the extracted annual rainfall and 2-7 year MEI variances to further investigate the relationship(s) between the two. To this end, both the Pearson linear and Spearman rank correlations were employed at a 0.05 significance level as presented in Table 4 . The coefficients for the original series (i.e., rainfall and MEI) exhibit weak relationships with varying signs for correlation methods (−0.050 and 0.028 respectively for Pearson and Spearman), which is expected since both fields are non-linear and non-stationary. However, for the extracted series, both methods yielded a stronger correlation with the same coefficient (R = −0.363), demonstrating the efficacy of wavelets to accurately represent the dominant patterns in non-linear, non-stationary series. The negative correlation indicates an anti-phase relationship between rainfall and ENSO phenomenon in the Huanfuchuan watershed, i.e., El Nino results in dryer than normal conditions, whereas the converse is true for La Nina events. Moreover, we employed the proportion of variance explained (PVE) to quantify the magnitude of rainfall explained by the ENSO phenomenon in the Huanfuchuan watershed. The result suggests that ENSO events accounts for ~13% of Huangfuchuan rainfall, which implies that, other factors also impact rainfall variability in the watershed. Additionally, to further investigate the behavior of the rainfall-ENSO relationship during earlier years and more recent times, a Spearman rank correlation was performed for the extracted signals before and from 1968. The result is shown in Table 5 . The correlation results of Table 5 shows that ENSO impacts on Huangfuchuan rainfall were more pronounced from 1968 than in earlier years. This supports the observation in Figure 6 showing the weak relationship between Huangfuchuan rainfall and ENSO events before 1968. 
Conclusions
In this study, wavelet analysis was employed to investigate the impact of ENSO events on the variability of precipitation in the Huangfuchuan watershed. The following points were concluded from the study:
(1) Results from the wavelet power spectrum presented an annual trend in Huangfuchuan rainfall.
The Mann-Kendall trend test and the average annual variance of the wavelet analysis showed a downward trend in the annual rainfall amounts, although this trend was found to be statistically insignificant. (2) Cross-wavelet transform analysis indicated that, Huangfuchuan rainfall is dominated by the 1-1.5 year band which has common powers corresponding to peaks and troughs in the rainfall time series. The phase difference arrows of the watershed rainfall and MEI in the 1-1.5 year bands for the cross-wavelet transform are randomly distributed and, therefore, do not provide adequate results to conclude the phase difference of the two time periods. However, significant common power in the 2-4 year band demonstrates that the common power of the two time periods varies by 10 to 11 months. (3) Wavelet coherency results establish a six-month to one year phase difference between MEI and rainfall in the Huangfuchuan watershed. This means that ENSO events lead rainfall in the watershed by that period. (4) The wavelet spectral analysis revealed that the dominant patterns in rainfall series are located at the annual scale, while that of the Multivariate ENSO Index (MEI) is found at the 2-7 year frequency band. The extracted signals at the dominant scales indicated that no significant relationship was identified between the two series (i.e., rainfall and MEI) before 1968 while subsequent years demonstrated that ENSO events have a modulating effect on rainfall, especially during the El Niño activity, which induces dry conditions. The wavelet coherence analysis showed that rainfall lags ENSO by six to twelve months. A Pearson correlation and Spearman rank correlation analysis of the extracted signals of rainfall in the Huangfuchuan watershed and MEI further demonstrated that El Niño events correspond to recurring drought periods and La Niña events are succeeded by increases in rainfall.
Overall, ENSO events impact Huangfuchuan rainfall with El Niño corresponding to rainfall decline and La Niña to rainfall increase with a semiannual to annual lag. However, the impacts of El Niño persist in the watershed, resulting in increasing aridity in the study area. Other precipitation influences such as the intra-seasonal changes, Indian summer monsoons, and many others, coupled with anthropogenic factors, may be at play, when MEI events do not correlate with rainfall intensities.
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